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PATENT APPLICATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of 

Serial no. 

For 

Docket 



Max BACHMANN 



FINAL DRIVE FOR DRIVING A VEHICLE WHEEL 
ZAHFRI P420US 



BOX PCT 

The Commissioner of Patents and Trademarks 
Washington, D.C. 20231 



FIRST PRELIMINARY AMENDMENT 



Dear Sir: 



By way of preliminary amendment, please amend the above identified application as set 
forth below. 

In the Specification: 

Please cancel paragraphs 2, 3, 4, 8, 9, 12, 13, and 16 of the specification, in their 
entirety, in favor of a clean form of paragraphs 2, 3, 4, 9, 12, 13 and 16 of the specification, 
without any markings thereon, as follows. Accompanying this response is a copy of the original 
paragraphs of the specification which show the addition(s) (by underlining, highlighting and bold) 
and the deletion(s) (by strikeout) to the canceled specification paragraphs. Please enter the 
replacement specification paragraphs into the record of this case. 

In the Claims: 

Please cancel claims 1-15, without prejudice or disclaimer of the subject matter therein, 
in favor of new claims 16-29 as follows. 
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[002] FIELD OF THE INVENTION 

[003] The invention relates to a final drive of a vehicle wheel. 

[004] BACKGROUND OF THE INVENTION 

[009] SUMMARY OF THE INVENTION 

[012] BRIEF DESCRIPTION OF THE DRAWINGS 

[013] The invention will now be described, by way of example, with reference 

to the accompanying drawings in which: 

[016] DETAILED DESCRIPTION OF THE INVENTION 
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1 6. (NEW) A final drive to drive a vehicle wheel having a drive motor (1 ) having 
an axial extent not coaxially situated relative to a wheel axle and which via reduction 
steps (3, 1 1 ) drives a wheel which can be braked by a braking disk (15) situated within 
a wheel rim (12) of the wheel and appertaining actuation mechanisms, wherein said 
reduction steps (3, 11) are disposed directly adjacent and a brake disk (15) is placed 
between said drive motor (1) and said reduction steps (3, 11) and the axial extension 
of said drive motor (1) being limited by the brake disk (15) and an actuation 
mechanism (23) of said brake. 

17. (NEW) The final drive according to claim 16, wherein a wheel bearing (13) 
for absorbing the wheel forces is situated radially outside a first reduction step (3). 

18. (NEW) The final drive according to claim 16, wherein a wheel bearing (13) 
for absorbing the wheel forces is situated in the axial extension are of the said first 
reduction step (3). 

19. (NEW) The final drive according to claim 16, wherein a mounting pad (6) of 
said drive motor (1 ) is situated on said reduction steps (3, 11) in the area of a active 
load line (7) of the wheel. 

20. (NEW) The final drive according to claim 16, wherein the radial forces act 
upon a housing (4) of said drive motor (1 ). 

21. (NEW) The final drive according to claim 16, wherein said drive motor (1) 
has an air gap and is an electromotor with an active length similar to the diameter of the 
air gap. 

22. (NEW) The final drive according to claim 17, wherein a seal (8) is situated 
between a hub carrier (5) and the wheel hub (9) of the radial extension of the brake 
disk. 

23. (NEW) The final drive according to claim 22, wherein a non-rotatably 
retained part (14) of a second of the reduction steps (11) is connected with a 
non-rotatably retained hub carrier (5) which is in operative connection with said wheel 
bearings (13) so that by attaching a non-rotatably retained part (14) of said second 
reduction step (1 1) with said hub carrier (5), said wheel bearing (13) is fastened upon 
said hub carrier (5). 
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24. (NEW) The final drive according to claim 16, wherein a wheel hub (9) has 
fins (15) which upon rotation of said wheel hub (9) set in motion the medium 
surrounding said wheel hub (9) and cools said brake (15) and/or said final drive. 

25. (NEW) The final drive according to claim 16, wherein a drive motor (1) is 
hydraulically cooled. 

26. (NEW) The final drive according to claim 16, wherein a ring gear (14) of the 
second reduction step (11), a non-rotatably retained hub carrier (5), a wheel 
bearing (13) and a seal (18) are combined to form one unit. 

27. (NEW) The final drive according to claim 16, wherein an input shaft (2) of 
one reduction step (3) has a winding recess which upon rotation of said input shaft (2) 
delivers lubricant. 

28. (NEW) The final drive according to claim 17, wherein an input pinion of the 
reduction step (3) is in intermeshing connection with said ring gear and at least two 
intermediate wheels. 

29. (NEW) The final drive according to claim 17, wherein in that a wheel 
bearing (13) is designed as skewed bearing in O-arrangement. 
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REMARKS 

Accompanying this response, please find marked-up paragraphs of the specification 
which overcome some informalities noted in the specification. The undersigned avers that the 
enclosed replacement paragraph(s) of the specification do not contain any new matter. 

In the event that there are any fee deficiencies or additional fees are payable, please 
charge the same or credit any overpayment to our Deposit Account (Account No. 04-0213). 

Respectfully submitted^ 




Anthony (fylM. Davis, Reg. No. 27,868 
Customer No. 020210 
Davis & Bujold, P.L.L.C. 
Fourth Floor 

500 North Commercial Street 
Manchester NH 03101-1151 
Telephone 603-624-9220 
Facsimile 603-624-9229 
E-mail: patent(a>davisandbujold.com 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

[001] FINAL DRIVE FOR DRIVING A VEHICLE WHEEL 

[002] FIELD OF THE INVENTION 

[003] The invention relates to a final drive of a vehicle wheel-g 

| def i ned i n deta il i n c l aim 1 . ] 

[004] BACKGROUND OF THE INVENTION ] 

[005] Final drives for driving a vehicle wheel are mainly used in low-platform 

buses where each driven wheel of the vehicle has its own drive motor. To obtain 
a sufficient rear width it is needed to keep as low as possible the axial expansion 
of the final drive. 

[006] In DE 1 97 09 570 A1 has been disclosed an electric single final drive having 

several motors in which several motors are not disposed coaxially to the wheel axle 
and via a first reduction gear drive a second reduction gear, the output of which 
acts upon the drive wheel. Between the first reduction step and the second 
reduction step a wheel bearing is situated the same as a brake disk which is 
located additionally within the extension of the wheel rim of a twin-tire drive wheel. 
By both reduction gears being disposed separate from each other by the wheel 
bearing thereoccurs, chiefly in helical-cut toothed wheels due to the displacement 
action of the reduction gear, a shift of the oil level which disadvantageously acts 
upon the lubrication of a reduction step. In order compactly to design the final drive 
in its axial extension and make it possible to prepare the required torque, several 
electrical drive motors have to be used. 

[007] The problem on which this invention is based is to provide a final drive for 

driving a vehicle wheel which is compactly designed in axial extension and in which 
the brake is situated in a wheel rim, only one drive motor is used for each final 
drive, the reduction gear is sufficiently lubricated and that stands out by a good 
degree of efficiency. 

[008] 4 The prob l em is solved with a final.dr i ve according to the- preamble of the 7 

' ma i n cla i m and a l so i nc l ud i ng the features thereof: 
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[009] SUMMARY OF THE INVENTION 

[010] According to the invention the final drive can be decelerated via a brake 

located within the axial extension of a wheel rim, it being possible that the wheel 
rim be also a rim for a single tire and in which the brake is placed between the 
drive motor and the reduction steps. By the reduction steps being disposed directly 
adjacent, all the moved parts of the toothing can be lubricated by one lubricant 
which is located within a common space where the reduction steps are placed. 
Hereby a uniform temperature level results which by virtue of the arrangement of 
the reduction gear upon the wheel outer side can satisfactorily radiate heat to the 
environment. The drive motor is not situated coaxially to the wheel axle whereby 
between wheel rim and drive motor an installation space results where can be 
placed the brake and the actuation mechanism thereof. The wheel bearing is 
preferably disposed for absorbing the wheel forces radially above the first reductio 
gear so that the axial installation space needed b the wheel bearing is available to 
the drive motor. Thereby the drive motor can be designed with a maximum active 
length preferably similar or equal to the diameter of the air gap without the total 
length of the final drive being enlarged thus increasing the degree of efficiency of 
the drive motor. By the wheel bearing being situated in radial direction outside the 
first reduction step but being located in the radial extension area of the first 
reduction step, it is possible to connect the wheel hub, one part of the second 
reduction step and the bearing flange with the wheel bearing to form a compact 
unit which also has not to be separated even when disassembling the wheel drive 
whereby during an assembly in case of servicing the wheel bearing has not to be 
adjusted again. The second reduction step is preferably designed as planetary 
gear wherein the planet carrier of the planetary gear forms the output, the ring gear 
is connected with the hub carrier which carries the wheel bearing and the inner 
central wheel forms the input. But it is also possible to design the ring gear as 
output. The inner central wheel is driven by the first reduction step which is 
preferably designed so that the ring gear forms the output, an input pinion forms 
the input, which is in intermeshing connection with the ring gear and at least two 
intermediate wheels, and the carrier which holds the intermediate wheel in 



stands out by a compact construction, where a drive motor with optimum degree 
of efficiency can be used and the reduction steps are sufficiently lubricated. 
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Other features are to be understood from the description of he f i gures wh i ch 

[0121 BRIEF DESCRIPTION OF THE DRAWINGS 

[0131 The invention will now be described, by way of example, with reference 

to the accompanying drawings in which : / 

[014] Fig. 1 is a final drive for driving a vehicle with double-shear planet carrier; 

and 

[015] Fig. 2 is a final drive for driving a vehicle with double-shear planet carrier. 

[0 1 6] DETAILED DESCRIPTION OF THE INVENTION j 

[017] The drive motor 1 not coaxially situated relative to the wheel axle is 

preferably an electric drive motor but may also be a hydraulic or pneumatic drive 
motor and it drives an input shaft 2 preferably passed into the housing 4 of the 
drive motor 1 of a first reduction step 3. The housing 4 of the drive motor is 
preferably cooled by water and is connected with a hub carrier 5 via connecting 
elements. The mounting pad 6 of the drive motor 1 on the hub carrier 5 is located 
in the area of a load active line 7 where the wheel forces act upon the final drive. 
By the mounting pad 6 being situated in the area of the active load line 7, so that 
none or only small torque loads generated by the vehicle weight act upon the 
elements which connect the hub carrier 5 with the housing 4 of the drive motor 1 . 
The mounting pad 6 can thus be made small in its radial extension, it being 
possible upon this diameter to place a sealing element 8 between a wheel hub 9 
rotating at the rotational speed of the wheel and the hub carrier 5. Since the radial 
extension of the mounting pad 6 is small the peripheral velocity of the sealing 
element 8 is also small, which advantageously acts upon the service life of the 
sealing element 8. The wheel hub 9 is connected with the planet carrier 10 which 
forms the output of a second reduction gear 1 1 and with a wheel rim 12. A wheel 
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[001] FINAL DRIVE FOR DRMNGj^V EHICLE WHEEL 

[002] 

[003] The invention relates to a final drive of a vehicle wheel according to the kind 

defined in detail in claim 1 . 

[004] 

[005] Final drives for driving a vehicle wheel are mainly used in low-platform 

buses where each driven wheel of the vehicle has its own drive motor. To obtain 
a sufficient rear width it is needed to keep as low as possible the axial expansion 
of the final drive. 

[006] In DE 1 97 09 570 A1 has been disclosed an electric single final drive having 

several motors in which several motors are not disposed coaxially to the wheel axle 
and via a first reduction gear drive a second reduction gear, the output of which 
acts upon the drive wheel. Between the first reduction step and the second 
reduction step a wheel bearing is situated the same as a brake disk which is 
located additionally within the extension of the wheel rim of a twin-tire drive wheel. 
By both reduction gears being disposed separate from each other by the wheel 
bearing thereoccurs, chiefly in helical-cut toothed wheels due to the displacement 
action of the reduction gear, a shift of the oil level which disadvantageously acts 
upon the lubrication of a reduction step. In order compactly to design the final drive 
in its axial extension and make it possible to prepare the required torque, several 
electrical drive motors have to be used. 

[007] The problem on which this invention is based is to provide a final drive for 

driving a vehicle wheel which is compactly designed in axial extension and in which 
the brake is situated in a wheel rim, only one drive motor is used for each final 
drive, the reduction gear is sufficiently lubricated and that stands out by a good 
degree of efficiency. 

[008] The problem is solved with a final drive according to the preamble of the 

main claim and also including the features thereof. 
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[009] 

[010] According to the invention the final drive can be decelerated via a brake 

located within the axial extension of a wheel rim, it being possible that the wheel 
rim be also a rim for a single tire and in which the brake is placed between the 
drive motor and the reduction steps. By the reduction steps being disposed directly 
adjacent, all the moved parts of the toothing can be lubricated by one lubricant 
which is located within a common space where the reduction steps are placed. 
Hereby a uniform temperature level results which by virtue of the arrangement of 
the reduction gear upon the wheel outer side can satisfactorily radiate heat to the 
environment. The drive motor is not situated coaxially to the wheel axle whereby 
between wheel rim and drive motor an installation space results where can be 
placed the brake and the actuation mechanism thereof. The wheel bearing is 
preferably disposed for absorbing the wheel forces radially above the first reductio 
gear so that the axial installation space needed b the wheel bearing is available to 
the drive motor. Thereby the drive motor can be designed with a maximum active 
length preferably similar or equal to the diameter of the air gap without the total 
length of the final drive being enlarged thus increasing the degree of efficiency of 
the drive motor. By the wheel bearing being situated in radial direction outside the 
first reduction step but being located in the radial extension area of the first 
reduction step, it is possible to connect the wheel hub, one part of the second 
reduction step and the bearing flange with the wheel bearing to form a compact 
unit which also has not to be separated even when disassembling the wheel drive 
whereby during an assembly in case of servicing the wheel bearing has not to be 
adjusted again. The second reduction step is preferably designed as planetary 
gear wherein the planet carrier of the planetary gear forms the output, the ring gear 
is connected with the hub carrier which carries the wheel bearing and the inner 
central wheel forms the input. But it is also possible to design the ring gear as 
output. The inner central wheel is driven by the first reduction step which is 
preferably designed so that the ring gear forms the output, an input pinion forms 
the input, which is in intermeshing connection with the ring gear and at least two 
intermediate wheels, and the carrier which holds the intermediate wheel in 
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non-tumably retained. By the input pinion being in intermeshing connection directly 
with the ring gear, the drive motor which drives the input pinion can be situated at 
a maximum distance from the wheel axle with the result of a sufficient installation 
space for the brake and the actuation mechanism of the brake. By the input pinion 
being in intermeshing connection with the ring gear and with at least two 
intermediate wheels, the torque is distributed on the input pinion with the 
consequence of an increase in the service life of the input pinion and the first 
reduction step can thus be compactly designed whereby the diameter of the wheel 
bearing can be reduced. By the housing of the drive motor transmitting the wheel 
forces and the mounting pad of the drive motor being located in the area of the 
load active line on a hub carrier which carries the wheel bearing in which the wheel 
forces are introduced, the connecting elements of the supporting parts which 
absorb the wheel forces can be designed smaller in extension , since no additional 
torque load from a distance to the load active line acts upon the mounting pad and 
the connecting elements thereof. Hereby the radial extension of the mounting pad 
of the drive motor housing can be designed so small on the bearing flange that a 
sealing element can be placed between the non-turnably situated bearing flange 
and a wheel hub rotating at wheel rotational speed which due to the small radial 
extension has less peripheral velocities to overcome. The housing of the drive 
motor can either be connected with an axle bridge or have supporting places on 
which fastening elements can be situated for fastening the final drive to the vehicle 
body. Since the drive motor is located on the wheel inner side, the energy can be 
favorably supplied. Upon the wheel hub fins are preferably situated with upon 
rotation of the wheel hub set in motion the medium surrounding the wheel hub so 
that the brake and the final drive are cooled. The housing of the drive motor is 
preferably flowed through by a coolant which thus cools the drive motor and via the 
mounting pad of the drive motor also cools the remaining final drive. 
[011] A directly adjacent arrangement of the reduction steps and a brake situated 

between the reduction steps and the drive motor but within the axial and radial 
extension of a wheel rim create a final drive for driving a vehicle wheel which 



jl-o o e s :i 3 ,, o» 3: .1 y o 



stands out by a compact construction, where a drive motor with optimum degree 
of efficiency can be used and the reduction steps are sufficiently lubricated. 

[012] 

[013] Other features are to be understood from the description of he figures which 

show: 

[014] Fig. 1 is a final drive for driving a vehicle with double-shear planet carrier; 

and 

[01 5] Fig. 2 is a final drive for driving a vehicle with double-shear planet carrier. 

[016] 

[017] The drive motor 1 not coaxially situated relative to the wheel axle is 

preferably an electric drive motor but may also be a hydraulic or pneumatic drive 
motor and it drives an input shaft 2 preferably passed into the housing 4 of the 
drive motor 1 of a first reduction step 3. The housing 4 of the drive motor is 
preferably cooled by water and is connected with a hub carrier 5 via connecting 
elements. The mounting pad 6 of the drive motor 1 on the hub carrier 5 is located 
in the area of a load active line 7 where the wheel forces act upon the final drive. 
By the mounting pad 6 being situated in the area of the active load line 7, so that 
none or only small torque loads generated by the vehicle weight act upon the 
elements which connect the hub carrier 5 with the housing 4 of the drive motor 1 . 
The mounting pad 6 can thus be made small in its radial extension, it being 
possible upon this diameter to place a sealing element 8 between a wheel hub 9 
rotating at the rotational speed of the wheel and the hub carrier 5. Since the radial 
extension of the mounting pad 6 is small the peripheral velocity of the sealing 
element 8 is also small, which advantageously acts upon the service life of the 
sealing element 8. The wheel hub 9 is connected with the planet carrier 10 which 
forms the output of a second reduction gear 1 1 and with a wheel rim 12. A wheel 
bearing 13 supports the wheel hub 9, the ring gear 14, the second reduction step 
1 1 , a sealing element 8 and the hub carrier 5 to form a unit which is adjusted only 
once by the plant and remains complete when the final drive is disassembled for 
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servicing. On the wheel hub 9 is placed over connecting elements a brake disk 1 5 
by which the wheel hub 9 can be decelerated. The brake disk 15, which is 
preferably assembled as a divided arrangement but can also be assembled as 
complete brake disk, is in its axial installation position removed from th sealing 
element 9 to the extent that a temperature impairment of the brake disk 15 does 
not occur upon the sealing element 9, on the wheel hub 9 fins are preferably 
situated with upon rotation of the wheel hub 9 set in motion the medium 
surrounding the wheel hub 9 so that the brake disk 1 5 and the complete final drive 
are cooled. A bearing 17 which supports the inner central wheel 18 of the second 
reduction step 1 1 upon the planet carrier 1 0 rotates only at the differential rotational 
speed between the inner central wheel 18 and the planet carrier 10 whereby the 
service life of the bearing is increased. The bearing 17 can also be constructed by 
an axial thrust plate. If the first reduction step 3 and the second reduction step 1 1 
have a helical-cut design, it is possible to lay out the teeth so that the bearing 17 
be free of forces. The housing 4 of the drive motor 1 is preferably connected with 
an axle bridge 19 but can also be designed with fastening elements for a 
single-wheel suspension. The first reduction step 3 and the second reduction 
step 11 are disposed directly adjacent being thus surrounded by a common 
lubricant whereby the lubrication is ensured for both reduction steps. The wheel 
bearing 13 is situated radially outside the first reduction step 3 and axially in the 
area of the first reduction step 3 whereby a very compact final drive can be 
created. By the wheel bearing 13 being placed radially outside the first reduction 
step 3 and a taper roller bearing being preferably used on 0-arrangement, a table 
support of the drive wheel results. The input shaft 2 preferably has on its surface 
a recess which purposely delivers the lubricant so that the motor bearing 20 
remains lubricated. It is also possible eccentrically to design the opening in which 
the input shaft 2 is situated in order to make available sufficient lubrication to the 
motor bearing 20. The teeth of the reductions gears 3 and 1 1 are preferably 
helical-cut in order to achieve a favorable noise level. The planets 21 of the 
second reduction gear 1 1 are floatingly supported whereby the axial length of the 
final drive is further reduced. 
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[018] Fig. 2: 

A drive motor 1 drives a first reduction step 3 the output of which drives a 
second reduction step 1 1 preferably designed as planetary transmission whose 
planet gears 21 are double-shear supported. The ring gear of the second 
reduction step 1 1 can be connected, in a radial direction with the hub carrier 5 
either via a screw connection or via safety rings or pins. A rotational speed 
sensor 22 is placed between the brake disk 1 5 and the first reduction gear 3. The 
actuation mechanism 23 of the brake is preferably situated on the side, but it is 
also possible to actuate the brake via rods outside the wheel. 



Reference numerals 

1 drive motor 

2 input shaft 

3 first reduction step 

4 housing 

5 hub carrier 

6 mounting pad 

7 load active line 

8 sealing element 

9 wheel hub 

10 planet carrier 

1 1 second reduction step 

12 wheel rim 



13 wheel bearing 

14 ring gear 

15 brake disk 

16 fins 

17 bearing 

18 inner central wheel 
1 9 axle bridge 

20 motor bearing 

21 planet gears 

22 rotational speed sensor 

23 actuation mechanism 
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Claims 

1 . Final drive to drive a vehicle wheel having a drive motor (1 ) not coaxially 
situated relative to the wheel axle and which via reduction steps (3, 11) drives a 
wheel which can be braked by a brake (15) situated within a wheel rim (120, 
characterized in that said reduction (3, 11) are disposed directly adjacent and a 
brake (1 5) is placed between said drive motor (1 ) and said reduction steps (3, 1 1 ). 

2. Final drive according to claim 1, characterized in that a wheel 
bearing (13) for absorbing the wheel forces is situated radially outside a first 
reduction step (3). 

3. Final drive according to claim 1, characterized in that a wheel 
bearing (1 3) for absorbing the wheel forces is situated in the axial extension are of 
the said first reduction step (3). 

4. Final drive according to claim 1 , characterized in that the mounting pad 
(6) of said drive motor (1 ) is situated on said reduction steps (3, 11) in the area of 
a load active line (7) of the wheel. 

5. Final drive according to claim 1 , characterized in that the radial forces 
act upon a housing (4) of said drive motor (1 ). 

6. Final drive according to claim 1, characterized in that said drive 
motor (1 ) is an electromotor with an active length similar to the diameter of the air 
gap. 

7. Final drive according to claim 1 , characterized in that a seal (8) is 
situated between a non-turnably retained part (5) and the wheel hub (9) of the 
radial extension of the brake disk. 

8. Final drive according to claim 1 , characterized in that a non-turnably 
retained part (14) of a second reduction step (1 1 ) is connected with a non-turnably 
retained hub carrier (5) which is in operative connection with said wheel bearings 
(13) so that by fastening said non-turnably retained part (14) of a second reduction 
step (11) with said hub carrier (5) said wheel bearing (13) is fastened upon said 
hub carrier (5). 
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9. Final drive according to claim 1 , characterized in that a wheel hub (9) 
has fins (15) which upon rotation of said wheel hub (9) set in motion the medium 
surrounding said wheel hub (9) and cools said brake (15) and/or said final drive. 

10. Final drive according to claim 1 , characterized in that a drive motor (1 ) 
is hydraulically cooled. 

1 1 . Final drive according to claim 1 , characterized in that a ring ger (4) of 
a second reduction step, a non-turnably retained hub carrier (5), a wheel 
bearing (13) and a seal (18) are combined to form a one unit. 

12. Final drive according to claim 1 , characterized in that an input shaft (2) 
of a first reduction step (3) has a winding recess which upon rotation of said input 
shaft (2) delivers lubricant. 

13. Final drive according to claim 1 , characterized in that an input pinion of 
a first reduction step (3) is in intermeshing connection with said ring gear and at 
least two intermediate wheels. 

14. Final drive according to claim 2, characterized in that a wheel 
bearing (13) is designed as skewed bearing in 0-arrangement. 

1 5. Final drive according to claim 1 , characterized in that the axial extension 
of said drive motor (1) is limited by a brake disk (15) and an actuation 
mechanism (23) of said brake. 



ABSTRACT OF THE DISCLOSURE 



A brake (15) is arranged between a drive motor (1) and reduction 
steps (3, 11). By arranging the reduction steps (3, 11) directly adjacent to one 
another, a uniform temperature level is established and the reduction steps (3,11) 
are sufficiently lubricated. The wheel bearing (13) is located radially outside but 
axially in the area of the first reduction step (3). Hereby is created in axial direction 
a very compact final drive characterized by favorable degree of efficiently and by 
being easy to service. 
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